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TITLE OF THE INVENTION 

HEATING CRUCIBLE FOR ORGANIC THIN FILM FORMING APPARATUS 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority from Korean Patent Application No. 2002-52898, filed 
on September 3, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a heating crucible for use in an organic thin film 
forming apparatus, and, more particularly, to a heating crucible for use in an organic thin film 
forming apparatus that has a thin-layered heater on its external surface. 

2. Description of the Related Art 

[0003] In general, organic electroluminescent (EL) devices include an anode layer and a 
cathode layer which are formed on a substrate in a predetermined pattern orthogonal to one 
another, with a plurality of organic layers, including a hole transporting layer, an emissive layer, 
and an electron transporting layer, sequentially interposed between the anode layer and the 
cathode layer. 

[0004] In an organic EL device having such a structure as described above, a vacuum 
deposition technique is widely known to be suitable for forming organic thin films such as the 
hole transporting layer, the emissive layer, and the electron transporting layer. The vacuum 
deposition technique involves loading a substrate, on which a thin film is to be formed, in a 
vacuum chamber of lO^-IO" 7 torr and vaporizing or sublimating an organic substance contained 
in a heating crucible to deposit an organic thin film on the substrate. 

[0005] In the vacuum deposition method, the heating crucible, as a container of the organic 
substance to be deposited and as a heater for vaporizing or sublimating the organic substance, 
directly affects the condition of the organic thin film deposited from the organic substance. For 
this reason, active research on the heating crucible has been conducted recently. 
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[0006] FIGS. 1 and 2 show two types of conventional heating crucibles widely used in an 
organic thin film forming apparatus. FIG. 1 shows an open-style heating crucible 10, including a 
main body 1 1 having a mouth 12 at the top thereof, and a heater 13 surrounding the outer wall 
of the main body 1 1 . Examples of such an open-style heating crucible are disclosed in various 
documents. According to the disclosure of Japanese Laid-open Patent No. 2000-223269, a 
plurality of small heating crucibles having small openings are used in order to improve the 
uniformity of an organic thin film. Japanese Laid-open Patent No. 2000-12218 discloses a 
technique of improving the uniformity in thickness of an organic thin film by using a heating 
crucible with a heater equipped to contact the outer wall of the crucible, in which the deposition 
rate is detected and controlled to ensure stable film deposition for a long duration. Japanese 
Laid-open Patent No. 2000-68055 discloses a heating crucible with two heaters: one equipped 
to contact the external side and bottom walls of a main body, and the other one protruding from 
the bottom of the main body. Japanese Laid-open Patent No. 2000-160328 discloses a heating 
crucible capable of improving the uniformity of an organic thin film deposited, in which a thermal 
reflecting member is arranged facing a heater equipped to surround a main body. 

[0007] However, practically, organic thin films deposited on a substrate using such open-style 
heating crucibles, that are fully opened upward, have poor uniformity. For this drawback, 
although improving film uniformity has been one focus of research related to open-style heating 
crucibles as in the above-described patents, there is a limitation due to their open structure. In 
addition, open-style heating crucibles consume a large amount of organic substance 14 and 
raise costs, so it is difficult to use them for the mass production of EL devices. 

[0008] Another style of a heating crucible used in an organic thin film forming apparatus, 
which has a cover 25 for covering a mouth 22 of a main body 21 , is shown in FIG. 2. In the 
heating crucible 20, a vaporized organic substance 24 comes out through a nozzle 25a formed 
in the cover 25 and is deposited as a film on a substrate. When this style of a heating crucible 
is used, less of the organic substance 24 is consumed, and a more uniform organic thin film can 
be deposited on the substrate. 

[0009] An example of such a heating crucible with a cover is disclosed in Japanese Laid- 
open Patent No. hei 10-195639. According to the disclosure of this patent, a cover having a 
smaller diameter than the heating crucible is placed above and close to an organic substance 
contained in the heating crucible, so as to control the deposition rate with more ease. Many 
other techniques for improving the nozzle structure of the cover have been suggested. 
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[0010] However, such heating crucibles with covers have the following problems. 

[0011] As shown in FIG. 2, since a heater 23 for heating organic substances 24 is formed 
only on the outer circumference of the main body 21 of the heating crucible 20, the temperature 
of the cover 25, particularly near the nozzle 25a, of the heating crucible 20 is relatively low. As 
a result, the organic substance 24 is recrystallized near the nozzle 25a while sublimating. The 
recrystallized organic substance 24 adheres to the inner wall of the cover 25, and finally clogs 
the nozzle 25a. This clogging phenomenon can be prevented by raising the temperature of the 
external wall of the main body 21 . However, in this case, the organic substance 24 chemically 
changes during deposition, so that the properties of a resulting device degrade. Therefore, it is 
detrimental to heat the main body 21 above a particular temperature. 

[0012] As another solution to the clogging problem, an additional heater can be mounted on 
the top of the cover 25. In this case, a vacuum chamber where the heating crucible 20 is placed 
is overheated by the heat emitted upward from the heater, and thus, a heat-resistant member 
needs to be additionally installed above the cover 25. As a result, the structure of the vacuum 
chamber becomes complicated. In such a heating crucible with a cover, it is difficult to install a 
thermocouple, especially inside the heating crucible, to measure the temperature of the heating 
crucible or the cover. 

[0013] Furthermore, the heating crucibles described above have the following problems 
because they utilize heat conducted from the heater. 

[0014] As an organic substance comes out from the heating crucible by being vaporized or 
sublimated, and is consumed more and more, a heat conduction area of the heater becomes 
smaller, so that there is a need to raise the temperature of the heater to vaporize or sublimate a 
constant amount of organic substance. However, raising the temperature of the heater causes 
the organic substance to thermally decompose. Especially for organic substances to be 
deposited as thin films for organic EL devices that vaporize and chemically change at similar 
temperatures, considerable careful attention is required when controlling the temperature of the 
heater. 

SUMMARY OF THE INVENTION 
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[0015] The present invention provides a heating crucible for use in an organic thin film 
forming apparatus that prevents the clogging of a nozzle of a cover by an organic substance 
recrystallized on the inner wall of the cover near the nozzle. 

[0016] The present invention also provides a heating crucible for use in an organic thin film 
forming apparatus that has a structure enabling accurate and easy measurement and control of 
the inner temperature of the heating crucible. 

[0017] The present invention also provides a heating crucible for use in an organic thin film 
forming apparatus that is capable of effectively vaporizing or sublimating an organic substance 
without thermal decomposition. 

[0018] The present invention also provides a heating crucible for use in an organic thin film 
forming apparatus that is easy to assemble and disassemble, due to a simple structure having a 
cover integrated with a heater, and which improves productivity. 

[0019] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0020] In accordance with one aspect of the present invention, there is provided a heating 
crucible for an organic thin film forming apparatus, the heating crucible comprising: a main body 
in which to contain an organic substance; a cover provided on the main body, the cover formed 
of an insulating material and having a nozzle through which a gaseous organic substance 
comes out from the main body; a cover heater formed as a thin film type on the top surface of 
the cover; and a body heater heating the main body. 

[0021] According to other embodiments, the cover may comprise at least one embedded 
thermocouple. A heat-resistant layer may be further formed on the surface of the cover heater. 
In this case, a reflective layer may be formed between the cover heater and the heat-resistant 
layer. 

[0022] According to still other embodiments, the main body may be formed of an insulating 
material, and the body heater may be formed as a thin film type on the outer wall of the main 
body. In this case, each of the cover heater and the body heater may be formed as a single 
wire pattern laid over the entire top surface of the cover or the entire outer wall of the main body, 
the single wire pattern having a positive and a negative terminal at respective ends of the single 
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wire pattern. The single wire pattern of each of the cover heater and the body heater may be 
formed of platinum by printing. 

[0023] According to still other embodiments, the cover and the main body may be formed of 
an insulating material having a good heat radiation property, such as aluminum nitride or 
alumina. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a sectional view of a conventional open-style heating crucible for use in an 
organic thin film forming apparatus; 

FIG. 2 is a sectional view of a conventional heating crucible with a cover for use in an 
organic thin film apparatus; 

FIG. 3 is a sectional view showing the structure of an organic thin film forming 
apparatus; 

FIG. 4A is a partial cut-away perspective view of a cover of a heating crucible according 

to an embodiment of the present invention; 

FIGS. 4B and 4C are sectional and plan views of the cover of FIG. 4A; and 

FIG. 5 is a sectional view of a heating crucible for use in an organic thin film forming 

apparatus according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described 
below in order to explain the present invention by referring to the figures. 

[0026] Embodiments of a heating crucible for use in an organic thin film forming apparatus 
according to the present invention will be described in greater detail. 

[0027] Referring to FIG. 3, an organic thin film forming apparatus includes a vacuum 
chamber 31 . In the vacuum chamber 31 , a substrate 32 on which a thin film is to be deposited 
is placed, and a heating crucible 50 with a cover 40, in which a substance to be deposited as 
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the thin film is contained, is installed below the substrate 32. A mask 33, having a pattern 
corresponding to a pattern of a desired thin film to be deposited on the substrate 32, is mounted 
between the substrate 32 and the heating crucible 30, but closer to the substrate 32, while 
supported by a mask frame 34. A magnet unit 35, installed above the substrate 32, is operated 
to move the substrate 32 close to the mask 33, which is supported by the mask frame 34. 

[0028] The heating crucible 50 used in the organic thin film forming apparatus having the 
above structure has the cover 40. An embodiment of the cover 40 is shown in FIGS. 4A 
through 4C. The cover 40, which is placed on the heating crucible 50, as shown in FIG. 5, is 
integrated with a heater formed like a thin layer on the top of the cover 40. 

[0029] As described above, little heat is transferred from the outer wall of a heating crucible 
to a nozzle region of a cover through which a gaseous organic substance comes out from the 
heating crucible, so that there occurs a great difference in temperature between the inside of the 
heating crucible and the nozzle region. The gaseous organic substance is recrystallized due to 
the difference in temperature, and adheres to and clogs the nozzle. 

[0030] In an embodiment of the present invention, in order to solve this problem, a cover 
heater 43 is integrated into a cover body 41 , as shown in FIG. 4A. In particular, a nozzle 42, 
through which a sublimating or vaporizing organic substance comes out, is formed at the center 
of the cover 40. The cover 40 includes the cover body 41 , formed of an electrically insulating 
material, the cover heater 43, formed as a thin film type having a predetermined pattern on the 
top surface of the cover body 41 , a heat-resistant layer 46 formed on the surface of the cover 
heater 43, and at least one thermocouple 45 embedded in the cover body 41 . 

[0031] The cover heater 43 has a positive terminal 43a and a negative terminal 43b at both 
ends, respectively, through which external electricity is supplied to generate heat, and which are 
connected to external wires 44a and 44b, respectively. The cover heater 43 is formed by 
coating a material having a predetermined resistance, and capable of generating an electrical 
current, as a thin layer. The cover heater 43 may have a concentric pattern around the nozzle 
42, as shown in FIG. 4C. However, any other patterns which can be laid over the entire top 
surface of the cover 40 can be applied. FIG. 4C is a plan view of the cover 40, in which the 
heat-resistant layer 46 is not illustrated in order to show a pattern of the cover heater 43. 

[0032] The cover heater 43 may be formed of platinum by screen printing. Any other 
materials and techniques capable of forming a thin-layered cover heater can be applied. For 
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example, the cover heater 43 may be formed by printing a conductive paste containing metal 
particles and metal oxide on the surface of the cover 40 and sintering the printed conductive 
paste. Alternatively, a thin graphite layer may be formed on the cover 40 by chemical vapor 
deposition (CVD). 

[0033] While the cover heater 43 is formed as a conductive heat generator, the cover body 
41 to which the thin-layered cover heater 43 is attached is formed of an electrically insulating 
material. A suitable electrically insulating material for the cover body 41 includes a thermally 
conductive ceramic material, for example, ceramic nitrides, such as aluminum nitride, and 
ceramic carbides, such as silicon carbide. 

[0034] Suitable materials for the cover body 41 include insulating materials having good heat 
radiation property. In a conduction heating type cover heater where heat generated by the 
cover heater 43 is directly transferred to an organic substance by conduction, the organic 
substance is likely to decompose as a result of the heat conduction. However, this problem of 
thermal decomposition of the organic substance can be eliminated to some extent when heat 
generated by the cover heater 43 is transferred to the organic substance by heat radiation 
rather than heat conduction. Therefore, it is preferable that the cover body 41 is formed of a 
material having good heat radiation property, even if its thermal conductivity is low. Use of a 
material having a good heat radiation property improves thermal efficiency. An example of a 
material having a good heat radiation property is alumina (Al 2 0 3 ). 

[0035] As is more apparent from FIG. 4B, the heat-resistant layer 46, which is formed on the 
cover heater 43, is formed as a thin film type on the cover body 41 . The heat-resistant layer 46 
blocks heat generated by the cover heater 43 from being transferred to an external space above 
the heating crucible 50, i.e., the internal space of the vacuum chamber 31 , so that all of the heat 
generated by the cover heater 43 is transmitted inside the heating crucible 50. In a case where 
the cover body 41 is formed of a material having a good heat radiation property as described 
above, a reflective layer (not shown) may be further interposed between the heat-resistant layer 
46 and the cover heater 43. 

[0036] When the cover body 41 is formed of a ceramic material as described above, more 
than one thermocouple 45 can be embedded in the cover body 41 , as shown in FIG. 4B. The 
thermocouple 45 may be embedded during formation of the cover body 41 . Since the 
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thermocouple 45 is integrated into the cover body 41 , the inner temperature of the heating 
crucible 50 can be accurately measured and easily controlled. 

[0037] The cover 40 of the heating crucible 50 having the structure described above is 
placed to cover a mouth 52 of the main body 51 of the heating crucible 50. As seen in FIG. 5, a 
thin-layered body heater may be formed on the outer wall of the main body of the heating 
crucible 50. The basic configuration of the body heater may be the same as the cover heater 
43. 

[0038] In particular, a main body 51 of the heating crucible 50, in which an organic substance 
57 is contained, is formed of an electrically insulating ceramic material, and a body heater 53 
having a predetermined pattern may be laid as a thin layer over the outer wall of the main body 
51 . A method of forming and patterning the body heater 53 may be the same as the cover 
heater 43 described above, and thus a detailed description thereon is omitted. The body heater 
53 may be laid over the bottom of the main body 51 , as well as the outer sidewalk 

[0039] A heat-resistant layer 56 may be formed to surround the body heater 53, formed on 
the main body 51 , so as to prevent heat from being emitted outside the main body 51 and 
raising the temperature of the vacuum chamber. At least one thermocouple 55 may be 
embedded in the sidewall, as well as the bottom, of the main body 51 . 

[0040] Like the cover 40, the main body 51 of the heating crucible 50 may be formed of a 
ceramic nitride or ceramic carbide having good thermal conductivity, and alumina having a good 
heat radiation property. In a case where the main body 51 is formed of alumina, a reflective 
layer (not shown) may be further interposed between the heat-resistant layer 56 and the body 
heater 53 to improve heat radiation. 

[0041] As described above, since the heating crucible 50 includes a plurality of 
thermocouples 45 and 55 embedded in the cover body 41 and the main body 51 , it is easy to 
control the inner temperature of the heating crucible 50. The respective thermocouples 45 and 
55, of the cover body 41 and the main body 51 , are connected to a controller 58, so that the 
cover heater 43 and the body heater 53 can be controlled by the controller 58. 

[0042] In a heating crucible according to an embodiment of the present invention having such 
a structure as described above, in which a thin-layered heater is integrated into each of the 
cover and the main body of the heating crucible, although the heater has been described in the 
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above embodiment as being a heating wire having a predetermined pattern, the heater may be 
formed as a heating block by spray coating a heat emitting material. For example, a spray- 
coated heater may be formed by spray coating a cover body with a heat emitting material and 
connecting positive and negative terminals to the cover heater, wherein the spray-coated cover 
heater generates heat as a predetermined voltage is applied to the positive and negative 
terminals via external wires. In this case, it will be appreciated that a heat-resistant layer is 
formed over the spray-coated heater, and that at least one thermocouple is embedded in the 
cover body formed of an electrically insulating ceramic material having a good thermal radiation 
property, such as alumina. The same spray-coated heater can be applied to the main body of a 
heating crucible according to another embodiment of the present invention. 

[0043] A heating crucible according to an embodiment of the present invention having any 
structure described above can be used to deposit various organic thin films for organic EL 
devices, such as a hole injecting layer, a hole transporting layer, an emissive layer, an electron 
transporting layer, an electron injecting layer, etc. In addition, such a heating crucible can be 
used to directly deposit a cathode through which electrons are injected into an organic EL 
device. 

[0044] A heating crucible according to the embodiments of the present invention described 
above provides the following effects. 

[0045] First, since the entire cover is uniformly heated, clogging of the nozzle by an organic 
substance recrystallized near the nozzle does not occur, even when deposition of the organic 
substance is performed for a longer duration. 

[0046] Second, the use of embedded thermocouples enables accurate measurement and 
control of temperature. 

[0047] Third, since a thin-layered heater may be integrated into each of the cover and the 
main body of the heating crucible, the heating crucible has a higher heating efficiency, and the 
inner temperature of the heating crucible can be timely and rapidly controlled with more ease. 

[0048] Fourth, each of the main body and the cover of the heating crucible may be formed as 
a single body with a heater, a thermocouple and a heat-resistant layer, so it is easy to install the 
heating crucible in a vacuum chamber and to supply an organic substance into the heating 
crucible. 
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[0049] Fifth, since the main body and the cover of the heating crucible may be formed of a 
ceramic material having a good thermal radiation property, an organic substance contained in 
the heating crucible can be effectively vaporized or sublimated without thermal decomposition, 
so that the overall productivity of organic EL devices is improved. 

[0050] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in 
these embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the claims and their equivalents. 



10 



